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Page  36. 

INTERFERENCE  OF  A MING  AND  A JET  IN  A CARRYING  FLOW. 

V.  N.  Arnol'dov,  n.  G.  Gordon,  A.  A.  Savinov. 

Are  given  the  results  of  the  experimental  study  of  jet  effect, 
which  esca pe /ensue  at  an  angle  of  90°  to  pressure  side  of  wing,  on 
the  aerodynamic  ch aracter istics  of  the  isolated/insulated  wings  far 
from  screen  and  near  from  it.  On  the  basis  of  calculations  and 
results  of  the  experimental  study  of  the  interaction  of  the  jets  of 
the  various  forms  of  the  initial  cross  section  with  the  wings  of 
different  relative  size/dimonsions  and  plantorir  is  given  the  analysis 
cf  the  reasons,  which  cause  a change  in  the  effective  thrust./rod  of 
jets  with  an  increase  in  the  velocity  of  incident  flow  and  a decrease 
in  the  distance  of  wing  of  screen.  It  is  shewn,  that  fat  from  screen 
the  external  flow  about  the  jet  plays  the  dominant  role  in  a change 
in  the  aerodynamic  wing  characteristics  with  an  increase  in  the 
velocity  of  incident  flow,  and  near  from  screen  essential  favorable 
effect  exerts  the  vortex/eddy  shaft,  which  appears  on  the  surface  of 
screen . 
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Tho  interference  of  winy  and  jet,  which  escape/ensues  at  certain 
anyle  *o  its  lower  surtace,  leads,  as  is  known,  to  formation  on  the 
winy  of  the  neyative  lift,  which  decreases  the  value  of  the  effective 
thrust/rod  of  jet.  Simultaneously  undergo  considerable  change  ether 
aerodynamic  winy  characteristics-  These  changes  in  the  aer ouynam ic 
characteristics  are  obtained  especially  essentially  in  a ecrease  i;j 
*he  distance  of  wing  of  screen  and  an  increase  iri  the  velocity  of 
inci  lent  flow.  The  thrust  losses  of  jet,  vhicn  appeal  in  t he  absence 
of  incoming  flow,  are  caused  by  the  viscous  forces.  The  jets  in  this 
case,  involving  into  motion  surrounding  air,  creates  disturbed  flow 
about  winy.  Because  of  this  on  pressure  side  of  winy  appear  the 
rarefactions,  which  decrease  the  effective  thrust/rol  of  jet.  Far 
from  screen  these  losses  are  small.  A considerable  increase  in  the 
losses  duriny  a decrease  in  the  distance  of  winy  with  jet  of  screen 
is  connected  with  the  formation  of  the  tan  get,  which  possesses 
considerably  laryer  ejectiny  ability,  and  the  approach  of  winy  to 
this  perturbation  source  [ 1]  - [3]. 

An  increase  in  the  losses  of  lift,  and  a chanye  in  other 
aerodynamic  winy  characteristics  with  jet  with  an  increase  in  the 
velocity  of  incident  flow  is  connected,  in  the  first  place,  with  the 
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dist.urbance/pertur bat  ions,  which  appear  during  the  flow  about  the 
jet,  and,  in  the  second  place,  possibly,  with  certain  change  of  its 
sucking  properties  in  the  carrying  flow. 

In  Fig.  1 shown  experimental  distribution  ct  the  pressure,  which 
appears  on  flat  surface  during  the  flow  abcut  the  rigid  cylinder  and 
real  jet,  normal  to  this  surface,  and  the  calculated  distribution  cf 
pressure,  obtained  during  the  replacement  of  jet  by  the  system  of  the 
ar ra nged/located  on  its  axle/axis  flows  on  the  assumption  that  the 
interference  of  wing  and  jet  is  caused  only  by  sucxing  action  of  jet 

f1*]- 

Fage  37. 

Comparison  shows  that  pressure  distribution  in  the  vicinity  of  teal 
jet  according  to  the  character  cf  the  arrangement  of  the  zones  of  the 
increased  and  reduced  pressure  qualitatively  analogous  with  pressure 
distribution  around  rigid  cylinder  is  opposite  to  the  calculated 
distribution  of  pressure. 

However,  the  amounts  of  the  supplementary  lift,  which  appeaL 
from  real  jet  and  rigid  cylinder,  substantially  differ  from  each 
ether.  These  differences  are  obtained  especially  considerably  in  the 
range  ct  comparatively  low  values  of  the  given  relation  of  the 
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velocity  of  incident  flow  to  jet  velocity 


( l * 


Rea  1 


Vic  \ 

jet,  being  bent  and  being  expanded,  acquires  in  the  carrying  flow  the 


pc  / 


complex  t h ree-d ime nsio nal/space  to rm,  vccy  distant  from  cylinder  [5], 
It  is  characteristic  that  the  most  considerable  change  of  the 
size/dimensions  of  jet  in  the  carrying  flow  (unlike  jet  in  the 
flooded  space)  occurs  not  its  initial  section  and  can  cause  essential 
di  st  urfcance/pertur  bat  ions  on  wing  surface.. 


Fig.  2 gives  some  results  of  the  approximate  computations,  which 
were  made  for  the  case  of  ideal  fluid  fer  tne  purpose  of  qualitative 
evaluation  of  lift  increment  (in  the  portions  of  the  thrust/rod  of 
jet),  induced  on  flat  surface  by  cylinder  and  being  expanded  solid 
body,  imitating  size/dimensions  and  the  form  of  jet.  The  calculations 
show  that  the  being  expanded  body,  which  has  the  elliptic  form  of 
cross  section  with  the  relation  of  semi-axes  1:4  and  the  transverse 
size/dimension  b,  taken  according  to  the  experimental  data  [5], 
causes  in  comparison  with  cylinder  many  times  large  in  value  force, 
especially  in  the  range  of  comparatively  lew  values  of  the  given 
relation  of  velocity  of  incident  flow  tc  jet  velocity.  This  bears  out 
the  fact  that  the  form  of  jet  and  its  change  with  an  increase  in  the 
velocity  of  incident  flow  play  important  role  in  the  presence  of  the 
interference  of  wing  and  jet. 
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fiq.  1 . 

Key:  (1).  Rigid  cylinder  (experiment).  (2).  .let.  (experiment).  (J)  . 
Replacement  of  jet  by  the  system  of  flows  [4]  (calculation). 
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Moreover,  the  analysis  ot  these  data  shows  that  at  the  small  values 
of  the  given  velocity  ratio  the  basic  d ist  u t ba  nce/per  t.  urba  tions  ori 
winy  are  created  by  the  section  of  the  jet  cf  large  extent,  which 
possesses  lift  effectiveness  similar  tc  certain  low-aspect-ratio 
wing,  arrange/located  at  hiqh  angle  of  attack  with  respect  to  the 
surface  of  the  main  wing,  with  an  increase  in  the  bending  of  jet  the 
lift  effectiveness  or  its  eliminated  sections  decrease  as  a result  of 
a decrease  in  their  angle  of  attack,  and  increasing  value  begin  to 

[ 1 d y Lcit-f  Cl  i.  L*  L L Lid  fi  C *?  /'  p tr  L~  vi  L D d ~ i w u d r Ca  iiocu  L'f  T.  Ti  £?•  I L Om  d DO  ti  I t fit; 

initial  section  of  jet  as  bluff  body,  close  in  form  to  cylinder 

directly  of  wing  surface.  Therefore,  for  example,  a decrease  in  the 
initial  angle  of  jet  inclination  to  wing  plane  leads  to  an  essential 
decrease  in  the  thrust  losses  of  all  range  of  a change  in  the  given 

velocity  ratio,  and  at.  its  very  large  values,  when,  it  would  seem, 

jet  is  most  distant  on  its  form  from  cylinder,  pressure  field, 
induced  by  circular  jet,  as  shown  in  work  [6],  already  it  differs 
little  not.  only  gu  a 1 i t at  i ve  1 y , but  also  it  is  quantitative  from 
pressure  field  in  the  vicinity  of  rigid  cylinder. 

Experimental  studies  were  carried  cut  on  the  models  of 
rectangular  wings  with  elongation  X * 2 at  angle  of  attack  a = 0.  Is 
investigated  the  interference  of  wings  with  the  jets,  which  had  in 
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the  initial  cross  section  the  form  of  circle  (circular  jet)  and  of 
the  ellipse  (elliptical  jet),  irajor  axis  ot  which  can  he 
arrange/located  perpendicularly  and  in  parallel  to  the  velocity 
vector  of  the  incident  flow.  Subsequently  for  a convenience  let  us 
call  elliptical  jet  depending  on  the  position  cf  its  major  axis 
elliptical  jet  across  flew  and  by  elliptical  jet  along  flow. 

Fat  from  screen  on  the  wing,  which  has  sufficiently  large 
size/dimensions  in  comparison  with  the  size/d i nensiens  of  the  initial 

fy  Fr  \ 

jt?  l v l uaa-  a \jtta  a a a c a * rc  *-»  _ — *-=  U,UUl  t>-4  woa  c a^  nuitaui  nuudi. 

V o«p  ' 

losses  gives  elliptical  across  flow,  jet,  and  the  jets  of  round  and 
elliptical  along  flow  form  they  give  clcse  in  magnitude  of  losses 
(Fig.  3).  Fig.  3 shows  also  the  effect  cf  the  term  of  the  initial  jet 
cross-sectional  area  on  an  increase  in  the  pitching  moment  of  wing. 

The  elliptical  across  flow  jet  (relation  cf  semi-axes  equally  to 
1:10)  is  bluff  in  the  initial  cross  sections,  tut  most  bent,  i.e.,  it 
is  bluff  obstruction,  arrange/ loca ted  on  wing  surface. 
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Fig-  2. 

Key:  {1).  Cylinder.  (2).  Being  expanded  body.  (3).  Jet  (experiment 


Page  39. 

Even  at  co mparat i ve  1 y small  velocities  of  incident  flow  the  basic 
Ji st ur ba nce/pert ur hat i ons  on  wing  are  created  ty  its  initial  section 
in  the  form  of  the  vast  zones  cf  the  elevated  pressure  before  the  jet 
and  of  evacuat ion/rare  fact  ion  behind  jet.  The  spectra  ot  silk  threads 
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on  Kin.j  surface  show  that  before  the  jet  occurs  braking  flow  and 
char  acter  ist  ic  t ou  nia  t y-  1 ay  er  separation,  but  after  jet  is  formed 
vast  breakaway  zone  (Fig.  4). 

Elliptical  along  flow  jet  is  well  streamlined  on  the  initial 
section  (narrow  tract*,  the  absence  of  the  visible  zone  of  the 
backwater  before  the  jet).  But  this  jet  intensely  expanded  in 
transverse  direction  and  is  least  bent.  Experiments  in  the  flooded 
space  show  that  the  ch aracter ist ic  feature  cf  the  propagation  of 
elliptical  jot  is  its  very  nonuniferm  expansion  along  the  large  and 
minor  axes  of  ellipse.  Along  minor  axis  is  obtained  approximately  six 
times  more  intense  expansion,  than  on  large.  During  the  f ]ow  of 
carrying  flow  about  the  get  occurs  the  supplementary  deformation  of 
the  form  of  its  cross  sections.  On  the  frontal  surface  of  jet  appears 
the  overpressure,  while  cn  the  lateral  surfaces  and  from  behind  - 
evacuation/rarefaction. 
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Therefore  most  significant  expansion  occurs  in  the  direction, 
perpendicular  to  the  direction  of  velocity  of  incident  flow,  and 
elliptical  along  flow  jet  at  certain  removal/distance  from  wing 
surface  acquires  the  form,  which  introduces  considerable 
dist ur bance/pert ur bat io rs  into  flow.  The  basic 

disturbance/perturbations  on  wing  surface  ate  created  precisely  by 
these  sections  of  jet.  They  are  exhibited  pr edo irinant ly  in  the 

formation  of  rarefaction  zones  about  jet  and  bear  considerably  more 
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uniform  character,  than  disturbance/per turbaticn  from  elliptical 
across  flow  jet. 

Turning  again  to  the  results  of  the  ttsts  ct  rectangular  winq 
with  the  jets  of  various  forms,  which  escaje/ensue  at  an  anqle  of  00° 
to  its  lower  surface  (see  fiq.  i) , it  should  fct  noted  that  they 
correspond  to  the  representation  of  the  role  of  the  different 
sections  of  jet  in  the  formation  of  losses  with  an  increase  in  the 
velocity  of  incident  flow.  The  imparting  to  the  initial  section  of 
the  jet  of  streamlined  shape  does  not  lead  to  a decrease  in  the 
thrust  losses  in  the  inspected  com  par a t iv e 1 y narrow  range  of  a change 
in  the  given  velocity  ratio.  The  jets  cf  rcund  and  elliptical  along 
flew  form  cause  close  in  the  magnitude  cf  losses  of  thrust /rod. 
Consequently,  under  these  mode/condi t iens  is  important  not  so  much 
the  form  of  the  initial  jet  cross- sect  icna  1 area,  as  complete 
th ree-di me  ns iona 1/space  form  of  the  jet,  which  is  formed  n the 
carrying  flow.  But  it  is  obtained  close  of  both  jets,  judging  from 
the  tact,  that  at  a distance  of  five  calibers  from  wing  surface  they 
give  already  approximately  identical  trace  cn  the  grid  of  silk 
threads  (Fig.  r>). 

The  effect  of  the  form  of  the  initial  jet  cross-sectional  area 
(or  the  mutual  arrangement  of  several  jets)  on  aerodynami  wing 
characteristics  depends  substantially  cn  the  ratio  of  the  area  of  the 
initial  jet  cross-sectional  area  to  winq  area. 
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7 h t us  t losses  on  the  rectangular  wing  of  lo«  size/dimensions  with 
]ets  elliptical  across  flow  and  circular  shape)/,  0.01)  first  increase 

with  ar  increase  in  the  given  velocity  ratio,  and  then,  after 
achieving  the  jreatest  value,  they  decrease  and  finally  it 

reverses  the  sign  (Fig-  6) . In  this  care  the  increase  of  pitching 
moment  reaches  the  significant  magnitudes,  tlliptical  jet  along  flow 
on  low  wing  as  on  large,  causes  thrust  losses,  which  increase  during 
an  increase  in  the  given  velocity  tatic. 

The  sharp  qualitative  change  in  the  aerodynamic  wing 
characteristics  with  the  jets  of  round  and  elliptical  across  flow 
form,  which  occurs  during  in  the  relative  size  decreases  of  wing,  is 
connected  with  the  tact  that  on  low  rectangular  wing  part  of  t tie  zone 
of  the  essential  d ist u r Lance/per t u rtat icn s , caused  by  jets,  proves  to 
be  outside  the  limits  of  wing.  At  certain  value  of  the  giver  relation 
of  the  velocities,  when  appear  positive  lift  increments,  the 
prevailing  value  acquires  the  zone  of  the  elevated  pressure  before 
the  jet,  and  the  rarefaction  zone,  which  appears  after  jet,  it  is 
located  partially  outside  wing.  The  measurements  of  the  d strifcuticn 
cf  pressures  on  wing  surface  (for  example,  [6])  show  that  with  an 
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increase  in  the  velocity  ot  incident  flow  gradually  is  developed  the 
zone  of  the  backwater  before  the*  jet  during  si  it  ul  tdneous  decrease  in 
the  size/dimensions  an  l displacement  downstream  of  rarefaction  zone. 
It  is  possible  and  furthermore  manifests  itself  the  jet  effect  on  the 
tlcw  about  the  suction  side  or  wing. 

During  the  size  decrease  ot  wing  with  elliptical  in  flow  jet 
these  phenomena  lo  not  have  vital  importance  because  ot  the  special 
f ea t ur e/pecu lia r it i es  of  the  d ist u r fcance/p e r t u t tat  ions , which  appear 
during  the  flow  about  this  jet,  which  it  war  discussed  above. 

Elliptical  across  flow  jet  (or  the  arrangement  of  jets  in  a 
series  across  flow)  has  on  low  rectangular  wing  essential  advantages 
in  comparison  with  elliptical  along  flow  j ft  (cr  the  arrangement  ot 
jets  in  a series  in  flow).  The  considerably  larger  increase  of 
pitching  moment,  obtained  on  wing  with  this  jet,  allows  lr  certain 
assigned  center-of-gra v it y location  to  misalign  elliptical  across 
flow  jet  nearer  to  trailing  wing  edge  and  tc  ottain  for  this  count 
supplementary  advantages  in  comparison  with  elliptical  along  the  flow 
jet. 
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fig.  6. 


f age  UJ. 


Circul.it  jet  also  possesses  essential  advantages  in 
elliptical  along  flow  jet  at  the  sufficiently  large 
given  velocity  ratio. 


cob  par  isor 


values  of 


with 
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A change  in  the  form  of  jet.  or  layout  of  jets  on  wing  allows  on 
the  rectangular  wings,  which  have  the  close  to  real  ratio  of  the  area 
cf  nozzle  to  the  area  of  the  wingi/>  0,01),  not  only  substantial  to 
decrease  the  thrust  losses,  but.  also  tc  very  considerably  increase 
the  effective  thrust/rod  of  jet,.  This  will  agree  witn  the  results  of 
the  investigation  of  the  diverse  variants  cf  the  arrangement  or  nine 
jets  on  rectangular  wing,  given  in  work  [7], 

Of  the  possibilities  of  using  a zone  of  elevated  pressure  for  a 
decrease  in  the  thrust  losses  cn  the  wings  cf  the  limited 
size/d  intensions  it  depends  on  wing  plantorm  and  the  position  of  jets 
on  wing.  Thus,  for  instance,  as  a result  of  the  special 
teat ure/pecu lia rit ies  of  the  geometry  of  delta  wing  the  positive 
action  of  the  backwater,  which  appears  before  the  jet,  is  not 
utilized,  and  the  effect  of  diffluences  prevails,  determining  a 
change  in  the  total  aerodynamic  characteristics.  Therefore  on  delta 
wing  in  a comparatively  front/leading  position  cf  jets  elliptical 
across  flow  jet  causes  the  considerably  larger  tnrust  losses  than  of 
the  jet  of  round  and  elliptical  along  flow  fort.  On  themes  to  reasons 
the  displacement  of  circular  jet  to  leading  wing  edge  pro  uces  an 
essential  increase  in  the  thrust  losses  at  the  large  values  of  the 
given  velocity  ratio. 
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Thus,  fat  from  the  Faith  t ho  external  flow  about  the  jot  is  the 
important  factor,  which  determines  a change  in  the  aerodynamic  wing 
char acterist ics  with  an  increase  i ri  the  velocity  of  incident  flow.  A 
change  in  the  torn  ot  jet  cr  arranqement  ot  jets  on  wing  makes  im- 
possible to  decrease  the  harmful  interference  of  wing  and  j^*t  in  the 
ca r r y i ng  f low. 


- *1  _ 


Fig.  7. 


K«y:  (1).  Position  of  the  vortex  shaft. 
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The  proximity  ot  the  Earth  considerably  complicates  the  picture 
of  the  interaction  ot  the  jet  c£  wing  and  it  exerts  a substantial 
influence  on  aerodynamic  wing  characteristics  with  jet.  From  the 
diversity  of  the  factors,  which  determine  the  interference  of  wing 
and  jet  near  the  Earth,  it  is  expedient  to  separate  three  basic 
phenomena,  which  consecutively  can  occur  with  an  increase  in  the 
velocity  of  incident  flow. 

FiLst,  the  formation  cf  the  fan  jet,  wnich  possesses 
considerably  larger  ejecting  ability,  than  free  jet,  and  the 
approach/a pproxima t ion  of  wing  to  this  perturbation  sourc  , the 
causing  increase  in  the  thrust  losses.  This  effect  is  basic  at 
velocity  of  incident  flow,  equal  to  zetc,  and  it  plays  significant 

role  at  comparatively  low  values  of  the  given  velocity  ratio. 

In  the  second  place,  the  formation  of  the  vortex/eddy  shaft, 
which  appears  during  braking  tan  jet  by  the  incident  flow  The 
displacement  of  shaft  with  an  increase  in  the  velocity  of  incident 

flow  brings,  beginning  with  certain  value  ct  the  given  relation  of 

velocities,  to  a decrease  in  the  thrust  losses,  since  before 
ruty-colored  during  its  flow  it  appears  the  zone  of  elevated 
pressure,  and  the  sucking  action  of  fan  jet  it  decreases  as  a result 
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of  in  its  size  decreases.  If  we  compare  the  position  of  vortex/eddy 
shaft  with  a chanye  in  the  thrust  losses  with  ar  increase  in  the 
given  velocity  ratio,  then  it  is  not  difficult  to  establish  tha*  a 
decrease  in  the  thrust  losses  begins  when  the  mere  or  lesr: 
significant  part  of  the  wing  proves  to  te  in  the  zone  of  the 
backwater  before  the  shaft  (Fig.  7).  It  is  natural  that  with  a 
decrease  in  the  relative  size/dimensions  of  wing  or  an  increase  f, 
the  positive  effect  of  vortex/eddy  shaft  is  exhibited  less 
considerably.  This  effect  depends  also  cn  wing  planform,  the  position 
cf  jet  on  wing  and  the  angle  of  deflection  cf  jet. 

And  finally  thirdly,  the  usual  proximity  effect  of  the  Earth, 
which  becomes  the  basic  effect  at  sufficiently  hijh  velocity  of 
incident  flow,  when  jet  is  bent  so,  that  the  vertex/eddy  shaft  does 
not  appear.  As  an  example  it  is  possible  tc  give  the  results  of  the 
tests  of  rectangular  wing  with  elliptical  across  flow  jet  (Fig.  8)  . 


DOC 


771  09  100 


p a ; i 4P 


' J 


~~  1 1 1 Ft'O.oom 

0 tu  D.7 


Fig.  8. 

Page  44. 

In  the  range  of  the  low  values  of  the  given  velocity  ratio  ate 
observed  the  saae  special  f eat ure/pecu 1 ia r i t ies  of  the  course  of 
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iependence  o*),  that  also  in  the  examined  previously  examples 

(losses  first  increase,  they  reach  maximum  and  then  they  decrease). 

At  a further  increase  in  the  given  velocity  ratio  is  reached  the 
minimum  of  thrust  losses,  connected  with  the  liquidation  of 
vortex/eddy  shaft  on  the  surface  of  the  Farth.,  The  value*  c£  the  giver, 
velocity  ratio,  by  which  occurs  the  liquidation  of  vortex/eddy  shaft, 
increases  during  a decrease  in  the  relative  distance  of  wing  of  the 
F a r t h . 

Thus,  the  substantial  change  in  the  aerodynamic  wing 
characteristics  wi*h  jet  near  the  Earth,  which  cccurs  with  an 

increase  in  th**  velocity  of  incident  flew,  is  connected  with 
emergence,  d isp lac emen t and  finally  by  the  liquidation  of  vortex/eddy 
shaft.  The  favorable  effect  of  shaft  car  be  used  for  a decrease  in 
the  harmful  interference  of  wing  and  jet  near  the  Earth. 
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